The distally based sural fasciocutaneous flap has been proved an excellent option for coverage of the soft tissue defects of the lower third of the leg, ankle, and foot. In this article, we reported on a series of foot and ankle reconstructions with a distally based sural neurofasciocutaneous flap supplied by the terminal perforating branch of the peroneal artery. The vascular pedicle of the flap includes the terminal perforator branch of the peroneal artery and concomitant veins. The pivot point is approximately 5 cm above the tip of lateral malleolus. Fifteen patients with soft tissue defects of the foot and/or ankle underwent the procedures of reconstruction. The flaps were designed with the size measuring 8 ϫ 9 cm to 13 ϫ 31 cm. Thirteen flaps survived completely and 2 with partial or margin necrosis. Our experience has demonstrated that this sural flap with a thin perforator pedicle can be easily rotated, used for coverage of a large tissue defect including the forefoot area, and provide a good texture match and contour for the recipient area.
R econstruction of complex soft tissue defects with exposure of bone and tendon in wounds in the lower leg, ankle, and heel regions remains a frequent and challenging problem in plastic surgery. Currently, several reconstructive procedures have been selected for repair of soft tissue defects in these regions, including local cutaneous flaps, pedicled fascial or fasciocutaneous flaps, pedicled muscle flaps, and microsurgi-cal flaps. [1] [2] [3] [4] However, the results were unsatisfactory due to the limitation of pedicle length of the local flaps and poor condition of the recipient vessels for microsurgical flaps.
The distally based superficial sural neurocutaneous flap, in which the blood supply comes from the vascular axis of the sural nerve and its anastomosis with the distal septocutaneous perforator from the peroneal artery, was first introduced by Masquelet et al 5 in 1992. This flap, with advantages of certain degrees of rotation, constant vascularity, and easy and quick elevation and acceptable donor-site morbidity, has been reported with favorable results in repair of foot and ankle soft tissue defects. [6] [7] [8] [9] However, some disadvantages of the flap have been described, such as flap venous congestion, limited rotation of the pedicle, partial or completed flap necrosis caused by pedicle torsion or compression, and bulky contour, which may be attributed to the length limitation of the wide and short fascial or fasciocutaneous pedicle of the flap. 10, 11 Based on previous anatomic study and cadaver dissection in our institution, 12 a modified distally based sural neurofasciocutaneous flap supplied by the terminal perforating branch of the peroneal artery was designed. Preliminary reports have shown that this flap could overcome the above drawbacks of the fascial or fasciocutaneous pedicle flap. 13 In this article, a retrospective analysis of our series of the modified distally based sural neurofasciocutaneous flap in repair of soft tissue defects in foot and ankle is presented. For the first time, we present the experience of use of this flap for soft tissue reconstruction of the forefoot.
PATIENTS AND METHODS
From 1999 to 2004, 15 patients, 10 men and 5 women, underwent the procedures of the distally based sural neurofasciocutaneous flap transfers for coverage of soft tissue defects over the foot and malleolus. The flaps were supplied by the terminal perforating branch of the peroneal artery. The average age of the patients was 33.7 years (ranged from 5 to 56 years). The causes of soft-tissue defects included trauma in 9 patients, degloving injury in 2 patients, chronic ulcers in 2 patients, and electrical burn in 2 patients. Among them, complications with bone, joint, or tendon exposure were seen in 11 patients. The flaps ranged from 8 ϫ 9 cm to 13 ϫ 31 cm in size. The perforator pedicle ranged from 1.6 cm to 3.0 cm in length. Follow-up ranged from 2 months to 24 months, with an average 9.7 months. Details of these patients are shown in Table 1 .
Operative Technique
Preoperatively, a Doppler probe was used to locate the peroneal artery and its terminal perforating branch. The flap The vessel pedicle is about 3 cm in length. With only the terminal peroneal perforating branch vessel as the pedicle, the flaps were raised in an island form through the skin and deep fascia. The lesser saphenous vein, sural nerve, and accompanying vessels in the flap were divided and ligated both proximally and distally. In 3 cases, the perforating vessel pedicles were extended by dissecting the main peroneal vessels. The flap was then rotated from 90 to 180 degrees to reach the recipient site and inset without tension. In 4 cases, the sural nerves of the flaps were coapted with the recipient nerves in end-to-end fashion to restore flap sensation. If the raised flap was not big enough to cover the entire wound, the flap would be used for coverage of the exposed bone or tendon. The remained soft tissue defect was covered with skin grafting. The secondary donor-site defect was resurfaced with a split-thickness skin graft or was closed primarily, depending on the size of the wound. It usually took 30 to 40 minutes for dissecting the flap and about 2 hours for whole procedure.
RESULTS
Thirteen of 15 flaps survived completely without complications. In one patient, necrosis of the distal one fifth of flap occurred due to local venous congestion, and the wound was covered by a local flap in 3 weeks, postoperatively. In the other patient, necrosis of the distal margin of the flap occurred, and the wound healed with treatment of daily dressings. All transferred flaps showed good texture matches and contour, without significantly swelling and congestion. In 4 cases with reinnervation, partial sensation was restored in the flaps. All donor sites healed uneventfully.
CASE REPORTS

Patient 3
A 22-year-old man suffered a large soft tissue defect over the lateral aspect of his right foot from an electrical burn injury. After debridement, the defect was covered with a distally based sural neurofasciocutaneous flap supplied by the 
Patient 8
A 5-year-old girl was admitted to our hospital with an injury from a motor vehicle accident on her left foot, resulting in loss of the great toe and soft tissue of the foot. The wound measured 15 ϫ 11 cm in size, involving the anteriomedial ankle and dorsum of the foot, with exposure of the medial malleolus, tarsus, and first metatarsals. After debridement, the defects were covered by the distally based sural neurofasciocutaneous flap, with the terminal perforating branch of the peroneal artery as the pedicle. The flap was 8 ϫ 25 cm in size. The donor site was covered by a split-thickness skin graft. Both flap and skin graft on the donor site healed without complications (Fig. 2 ).
Patient 11
A 56-year-old man sustained a traffic accident injury on his right foot, resulting in a large tissue defect of the heel, lateral malleolus, and lateral side of the foot, with a wound measuring 12 ϫ 22 cm in size. The calcaneus and Achilles tendon were exposed in the wound. After debridement, a 13-ϫ-31-cm distally based sural neurofasciocutaneous flap supplied by terminal perforating branch of the peroneal artery was raised and transferred to the wound. The donor site was covered by a split-thickness skin graft. The wound healed without complications ( Fig. 3 ).
Patient 15
A 22-year-old man suffered from a traffic degloving injury on his left foot, resulting in a full-foot soft-tissue defect and loss of the great, fourth, and fifth toes. After debridement, a 12-ϫ-25-cm distally based sural neurofasciocutaneous flap supplied by the terminal perforating branch of the peroneal artery was transferred to the defect. The donor site and dorsum of the foot was covered by a split-thickness skin graft. The wound healed without complications (Fig. 4) .
DISCUSSION
In the past 2 decades, great efforts have been made in reconstructive procedures for soft-tissue defects of the lower third of the leg, ankle, and foot. Several local pedicle flaps, including reverse pedicle peroneal, posterior tibial, and anterior tibial flaps and other fasciocutaneous, septocutaneous, and fasciosubcutaneous flaps may provide options for reconstruction in these regions. 14 -17 However, some disadvantages of these flaps, such as bulkiness and sacrifice of a major artery, may limit their application. The neurocutaneous flap based on findings of the blood supply to the skin from the arteries accompanying the superficial sensory nerves has been proved to be a good alternative tool for reconstruction of lower extremity. 5 The blood supply to the neurofasciocutaneous flap is provided by perforators from underlying muscle, septocutaneous perforators, and axial vessels, 7 which are the clinical basis for design of flaps. 18 -22 Experimental study has found that, in the distal third of the leg, the accompanying arteries of the lesser saphenous vein anastomoses with the septocutaneous perforators from the posterior tibial and the peroneal artery, either directly or through the interlacing suprafascia network, form a vascular architecture of the posterior lower leg integument. 12 These neurofasciocutaneous sural flaps based on the neurovascular pedicle have been proved reliable in many clinical applications. [23] [24] [25] [26] However, the blood supplies of the flap include an adipofascial pedicle, along with a vascular network of sural nerves, accompanying arteries with the lesser saphenous vein, and cutaneous perforating branches of the posterior tibial and peroneal artery. With a strip of fascia and fat around the vessel pedicle, the rotation of the pedicle is usually limited, and the twist and compression of the pedicle can result in necrosis of the flap.
From our preliminary cadaver dissection and clinical experience, there exist 3 to 5 peroneal septocutaneous perforators in this region, with the major one typically located about 5 cm above the tip of the lateral malleolus, which can be used as the pivot point for the distally based sural neurofasciocutaneous flap. We also found that branches issued from the ascending branch of terminal branch of peroneal artery anastomose with paraneural (sural nerve) vascular plexuses and adipofascial plexus. Most of those anastomoses are located at the longitudinal region of sural nerve within 3.0 cm in distance. With terminal perforator perfusion of the peroneal artery, reverse blood flow can reach a long distance along the sural longitudinal vascular plexuses and result in survival of a large flap, including the posterior lower leg integument. These findings provided the anatomic basis of a sural fasciocutaneous flap supplied by the terminal perforating branch of the peroneal artery for flap design.
Our distally based perforator sural flap was designed with a very small pedicle that includes only the terminal perforating artery and veins from the peroneal vessels. It is easily rotated, and the dog-ear deformity of the pedicle is avoided, which is very common in distally based sural fasciocutaneous flaps. This flap can be designed along the lesser saphenous vein axis, with its pivot point 5 to 7 cm above the lateral malleolus. The constant vascular anastomosis between the superficial sural artery and the septocutaneous perforator of the peroneal artery forms an arterial network around the course of the whole length of the distal sural nerve. Based on these longitudinally interlinked vascular plexuses, the blood supply can reach the whole flap with great length. The greatest size of the flap in our series was 31 ϫ 13 cm, and it survived completely without complications. The lesser saphenous vein was cut and ligated at both the proximal and distal ends, which ruled out continuous venous ingress through the distal base return from the foot. Venous congestion and swelling was not noted in any of our cases.
In application of this flap, our experience has also shown that preoperative examination with a Doppler probe can avoid damage of the terminal perforating branch of the peroneal artery. Dissection of the flap under tourniquet control with no exsanguination could facilitate isolation of the perforating branch. In our series, the length of the perforator pedicle was about 3.0 cm for transposition without pedicle twist, compress, and extension. Release of the peroneal artery and vein can extend the length of the perforator pedicle. Complete hemostasis can avoid formation of hematoma and complications. Partial or marginal necrosis of the flaps was present in 2 cases. Detachment of the fascia from the skin during flap dissection is considered the cause of the flap necrosis. Attachment of the skin and fascia, together with stitches, would prevent this complication.
In conclusion, the practice in our series has demonstrated that a distally based sural neurofasciocutaneous flap supplied by a terminal perforating branch of the peroneal artery can be a good alternative for reconstruction of the foot and ankle. The procedure of dissecting this flap is technically simple and rapid. The flap is reliable and versatile and can provide a large size for coverage of defects, including the area of the forefoot. This procedure does not sacrifice a major artery and does not need a microsurgical technique. It could provide good texture and contour matching the recipient area. However, the problem of poor weight-bearing and sensation should be considered when the flap is chosen for heel reconstruction.
